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ABSTRACT 


The present invention relates to a method of producing and customizing a spheroid model in an 
automated high throughput manner, as well as a kit for use in the method and a spheroid model 
formed by using the method and/or the kit, the method comprising the steps of (a) providing cells of 
at least one cell line, (b) providing (i) a small molecule with capacity to promote cell aggregation; (ii) 
an extracellular (ECM) material with capacity to promote cell aggregation and (iii) a bioink; (c) mixing 
the components of step (a) and (b) and possibly other components in such relative amounts that 
allow a mixture optimised for generation of spheroids of the at least one cell line to be formed; and 
(d) bioprinting and/or dispensing the resulting mixture in an automated and reproducible manner, 


thereby allowing cells to aggregate and form spheroids. 
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KIT AND METHOD FOR DEVELOPMENT OF SPHEROIDS 


TECHNICAL FIELD 


The present invention relates to the field of 3D bioprinting and high throughput dispensing. 


BACKGROUND ART 


In the field of in vitro models, the gold standard for cell culture is cells grown on two-dimensional (2D) 
tissue culture plastic. However, cells within the human body are organized and distributed in three- 
dimensional (3D) space. Therefore, to provide highly relevant information of cell and human 
physiology, research must be conducted in 3D models. Due to the increase in cancer around the world, 
a need for a more efficient drug screening process is needed. A simple and quick way to form uniform 
spheroids of cancer cells or tissue sub models such as kidney glomeruli or pancreatic-beta cells, will 
improve the research field. The limiting factors existing today that needs to be overcome is the speed 
and ease of producing many and reproducible spheroids in a high throughput madder. Additionally, to 
form spheroids out of cell types that does not naturally form spheroids on their own. With the 
combination of automated and fast 3D bioprinting and/or dispensing, spheroids can be formed by 
adapting the environment and changing the expression of essential genes to obtain three dimensional 
spheroids in a matter of days. This environment and important factors can be found in the combination 


of a hydrogel bioink with ECM proteins and small molecules. 


A spheroid is an in vitro multicellular aggregate that provides a microenvironment resembling normal 
tissue in vivo. The dynamics of spheroid formation can be separated into three stages. In the first stage, 
ECM fibers act as chain linker for the attachment of dispersed single-cells to form loose aggregations 
through the binding of integrins. This is followed by a delay period in which cell aggregates pause in 
compaction, presumably because of the accumulation of sufficient amounts of E-cadherins. In the third 
stage, strong homophilic interaction of E-cadherins is a major factor for the morphological transition 


from loose cell aggregates to compact spheroids. 


WO2011/077984 refers to a method for enhancing formation of a spheroid and a culture medium for 
enhancing formation of a spheroid. According to this disclosure, cells are cultured on a culture 
substrate, which substrate has a recessed and projected structure that functions as a cell adhesion 


surface. The cell culture medium contains an extracellular matrix component. 
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US2019/0127685 discloses a 3D label-free contactless formation of cellular structures using 


diamagnetophoresis. Various shapes such as spheroids can be created using this technique. 


SUMMARY OF THE INVENTION 


Aggregating cells in printed constructs can be used to study tumor formation, but for cells that do not 


naturally form spheroids, spheroid formation will be a limiting factor. 


The object of the present invention is to improve the current technologies and provide methods and 
means for forming spheroids, primarily out of cells that do not naturally form spheroids within a bioink, 


in an automated and reproducible way. 


The object is achieved by providing a method and a kit for use in the method, which kit will be used 
for the method of forming spheroids in an automated high throughput manner. The method will aid 
cells to aggregate and form spheroids that can be used for various tissue models. The applications can 
be specific for pharmaceutical evaluations and/or discoveries such as high throughput drug screening 
but also tissue engineering developments and tumor pathology. The components of the kits will 
provide the user with the essential resources to generate the 3D spheroids in which the user can tailor 


to desired parameters. 


Thus, in a first aspect the invention refers to a method of producing and customizing a spheroid model 


in an automated high throughput manner, comprising the steps of: 


(a) providing cells of at least one cell line; 


(b 


— 


providing the following components in combination: 
i. a small molecule with capacity to promote cell aggregation; 
ii. an extracellular (ECM) material with capacity to promote cell aggregation; 
and 

ii. a bioink 
(c) mixing the components of step (a), (b) and (c) and possibly other components in such 
relative amounts that allow a mixture optimised for generation of spheroids of the at 
least one cell line to be formed; 


(d 


— 


bioprinting and/or dispensing the resulting mixture in an automated and 


reproducible manner, thereby allowing cells to aggregate and form spheroids. 
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In some embodiments the components of step (a)-(c) are added in the following relative amounts 


(vol/vol): 


(a) cells of at least one cell line, cells in suspension making up 1-30%: 


(b) a small molecule used at concentrations of 100 nM- 100 mM, in solution making up 
0.01-5%; 
(c) an ECM material in solution or composition from 10-80%: 


(d) a bioink composition from 1-80%: 


(e) other components, 
wherein the components (a)-(e) together add up to 100 %. 


Typically, the cell suspension should be limited to up to 30% of the total volume to not dilute the 
other components and decrease the viscosity too much. The small molecule concentration will 
depend on the cell type sensitivity as well as the activity of the small molecule. The ECM and bioink 
will make up the bulk of the kit and depending on the stiffness of the final material as well as the cell 


type used. The ratios of the ECM and bioink will be adjusted accordingly. 


An example of an optimal composition for spheroid formation of cell line H-2030 can be 10% cell 
suspension with the small molecule 5-(Furan-2-yl)-N-(pyridine-4-yl) butyl)isoxazole-3-carboxamide 


dissolved in DMSO at 100 uM working solution. 


In some embodiments the at least one cell line is chosen from an abnormal cell type, such as a cancer 
cells from different organs and sources (human or animal, primary or stem cells), or a healthy cell 


type, such as a cell lines or stem cell-derived. 


In some embodiments the small molecule is chosen from an up-regulator of E-cadhering, P-cadherin 
or alfa-catenin, a Cox-2 or Rho Kinase inhibitor, or a molecule affecting the cell attachment or 


epithelial-mesenchymal transition. 


In some embodiments the small molecule is chosen from the E-cadherin up-regulator 5-(Furan-2-yl)- 
N-(pyridine-4-yl) butyl)isoxazole-3-carboxamide, the ROCK Inhibitor Y-27632, the COX-2 inhibitor 
celecoxib, piperonylic acid (the activator of epidermal growth factor receptor), ML327 (the de- 


repressor of E-cadherin), and the up-regulator of B-Catenin CHIR99021. 


In some embodiments the ECM material has at least one of the following characteristics: 
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a. decellularized ECM; 
b. human and/or animal derived ECM; 


c. Others, for example recombinant proteins. 


In some embodiments the bioink comprises: 


a. plant based material 0-60 %; 

b. animal and/or human derived material 0-50 %; 
c. synthetic and/or natural thickeners 0-40 %; 

d. a photoinitiator 0-10 %; 


e. factors specific for cell aggregation 0-20 %; 


-=h 


optionally other components, 


wherein the components together add up to 100 %. 


In a second aspect the invention relates to a kit for use in the method of this disclosure, comprising: 


a. a small molecule with capacity to promote cell aggregation; and/or 
b. an extracellular matrix (ECM) material; and 
c. abioink 


d. optionally other components and/or instructions for use. 


Thus, in one aspect, the present invention refers to a kit composed of (i) a small molecule (ii) ECM 
material and (iii) a bioink that will provide the users with the tools to produce and customize a 3D 
spheroid model using an automated 3D bioprinting and/or dispensing system. Furthermore, protocols 
will be included to provide the user with starting parameters such as cell density, bioprinting and 
dispensing procedures, crosslinking procedure, and concentration of the small molecule to facility the 
generation of spheroid models with 3D bioprinting and/or dispensing systems. Once the spheroids 
have formed the user is able to conduct other experimental variables of interest, for example high 


throughput drug screening and dose response assays. 


Also, the kit may include an instructional guide for the user to customize to their specific experimental 
investigation using a 3D bioprinter and/or dispensing system. With the provided components, the user 
can determine which of the three components to use for the spheroid formation, or all of them 


combined, together with which cell type, the concentration of the cells within the ECM and/or bioink, 
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a single or co-culture, and the culture conditions to enhance mimicry of physiological and/or 
pathological conditions. These parameters are optimized for the generation of spheroids to be used as 


an assay platform or a developmental model. 
In a third aspect, the invention relates to a 3D bioprinted spheroid model, comprising 


a. a small molecule; 
b. an extracellular matrix (ECM) material; and 


c. abioink. 


In a fourth aspect, the invention relates to a 3D bioprinted spheroid model, characterized by that the 


spheroid model is formed by the method of this disclosure. 


In some embodiments, the invention relates to a 3D bioprinted spheroid model of this disclosure for 
use in a model for drug screening, dose response assays, developmental biology applications, 
pharmaceutical applications, stem cell research, tissue engineering development applications or 


tumor pathology applications and other applications. 


In some embodiments, the invention relates to a 3D bioprinted spheroid model for use in a model for 


drug screening, comprising the steps of: 


i. generating spheroids from at least two different cell types, such as one 
abnormal cell type, e.g. a cancer cell, and one healthy cell type, e.g. a 
primary cell, wherein the at least two cell types are labeled with different 
markers, such as different fluorophore markers, by combining the 
suspensions of the at least two cell types to form spheroids; 

ii. exposing the spheroids of step (a) to one or more drugs; and 

iii. monitoring the survival of cells to identify drugs that negatively affect the 


abnormal cells but not the healthy cells. 


Any drug that is suitable for the cell type(s) may be used, such as paclitaxel, gefitinib, cotellic, zejula, 


tecentriq, erleada and others. 


BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 A). Cell line NCI-H2030 aggregate and form a compact spheroid already at day 3 when 
culturing in the small molecule solution. The cell line does not aggregate on its own as shown in 


Figure 1 B) which is the cell line cultured in DMSO. 


Figure 2. (A) Live lung adenocarcinoma cell line H2030 in ECM material and small molecule medium 
day 3 and (B) cells in only ECM material. Cells in ECM material by it self and with small molecule 


medium form spheroids in 384-well plates with ultra low attachment and round bottoms. 


Figure 3. Cell line H-2030 mixed with bioink and small molecule, and 3D bioprinted. (A) Day 7. (B) Day 
27. 


Figure 4 Cell line H-2030 mixed with bioink, small molecule and ECM material, and 3D bioprinted. (A) 
Day 2. (B) Day 20. 


DEFINITIONS 


The “spheroid” is defined as a three-dimensional multicellular aggregate consisting out of one, two or 
more cell types. If using more than one cell type, one cell type can be pathogenic and one can be 
healthy, for example a cancer cell and a primary cell. Further, a spheroid is a set of cells confined within 
aspherical space having a predetermined diameter range, e.g. between 30 um and 300 um, preferably 
below 100 um. The set of cells may be lumped together and/or embedded within an essentially 
spherical extracellular environment such as a gel or a bioink, wherein the spherical extracellular 


environment has a diameter within the predetermined range. 


“Automated high throughput manner” means in this context that a machine or robot or similar is used 
to reproducibly dispense or bioprint large quantities of samples. Examples of machines can be the BIO 


X or I-DOT One from CELLINK AB for 3D bioprinting and dispensing respectively. 
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”Producing and customizing” refers to the generation of a spheroid by the method and kit in question 
where the kit enables freedom to the user to tailor the ratios of the included components of the kit 


dependent on application. 


By a component, such as a small molecule or ECM material, having the ”capacity to promote cell 
aggregation” is in the context of this disclosure meant that the component is involved in the regulation 
of cellular aggregation (up- or down-regulator), and/or that the component by some other means have 
an impact on the aggregation process of cells, e.g. by being involved in some other pathway for cellular 


development and/or interaction. 


“Bioprinting” refers to the utilization of 3D printing and 3D printing-like techniques to combine cells, 
growth factors, and biomaterials to fabricate biomedical parts that maximally imitate natural tissue 
characteristics. Generally, 3D bioprinting utilizes the layer-by-layer method to deposit materials known 


as bioinks to create tissue-like structures that are used in medical and tissue engineering fields. 


“Abnormal” can be for example cancer cell lines, diseased cell types or other types of cells to model a 


disease. 


A “small molecule” is in the context of this disclosure a low molecular weight molecule that can 
stimulate cellular pathways. It can be used instead of peptides and growth factors due to better 
diffusion, price and stability. Typically, a “small molecule” is a low molecular weight (< 900 Daltons) 


organic compound that may regulate a biological process, with a size in the order of 1 nm. 


DETAILED DESCRIPTION OF THE INVENTION 


The present invention relates to a method of producing and customizing a spheroid model in an 
automated high throughput manner, as well as a kit for use in the method and a spheroid model 
formed by using the method and/or the kit. One key feature of the invention is to include components 


that have the capacity to promote cell aggregation, and thereby the formation of spheroids. 


One preferred strategy to promote cell aggregation is to increase expression of E-cadherin, a cell 
adhesion molecule important in binding cells to each other. E-cadherin is a transmembrane protein 
that forms dimers at the cell surface and interacts with corresponding E-cadherin dimers on 
neighbouring cells. The down-regulation of E-cadherin contributes to the induction of the epithelial- 
to-mesenchymal transition (EMT), resulting in an increased potential for cellular invasion of 
surrounding tissues and entry into the bloodstream. Small molecules are according to this disclosure 


used to promote aggregation and thereby spheroid formation by up-regulating E-cadherin but also 
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other functions that regulate cell aggregation such as P-cadherin or a-catenin. Today there exists 
several anti-cancer drugs which promote E-cadherin expression as a means to decrease the metastasis 
of the cancer and limit its spreading to other parts of the body. According to this disclosure, this 
technique has been implemented to the field of bioprinting to support spheroid formation within the 


bioink with the additional use of ECM proteins and small molecules. 


The kit of the present invention comprises (i) a small molecule, (ii) extracellular matrix (ECM) material 
and (iii) a bioink that is optimized for spheroid formation. The materials included in the kit are tailored 
to encourage cells to aggregate and can be used alone or in combination with each other. The small 
molecule can act as an antagonist or agonist of several pathways affecting the cell-cell interactions, 
e.g. aggregation or dissociation. The ECM proteins can be derived from human and/or animal sources 
such as decellularized ECM. The bioink is based on naturally and/or synthetically derived biomaterials 
mixed with other components such as laminins, decellularized ECM, peptides, and other proteins that 
enhances cell attachment, proliferation, and aggregation. In addition to the compatibility to 
encapsulate cells, the bioinks are optimized to have great printability, viscosity, and crosslinking 


capability. 


The combination of small molecule, ECM proteins and functionalized bioinks included in the kit is 
essential, since all ingoing, e.g. all three components, are tailored to stimulate cell aggregation and 
spheroid formation. This, in the combination that they are all formulated to be 3D bioprinted and/or 
dispensed in an automated and reproducible manner, will open up the door to produce spheroids in a 


high throughput manner. 


The cells to be used in the method of this disclosure for forming spheroids are preferably derived 
from a human source and/or animal sources, and can be chosen from an abnormal cell type, such as 
cancer cells from different organs and sources (human or animal, primary or stem cells), or a healthy 
cell type, such as a normal cell line or a stem cell-derived cell. For example, the abnormal cell type 


used can be a cancer cell line, which has lost its ability to aggregate. 


The cells to be used in the method of this disclosure may be of any type that is suitable for the 
intended use. Hence, the cells may originate from any suitable human or animal species, even 
though human cells typically will be used, and the cells may be of any tissue type for which the 


invention is useful and for which the invention works. 


Preferably, the cells are of the following cell types: healthy or diseased cells, such as human primary, 
stem cells, differentiated stem cells and cell line tissue cells. Stem cells include but not limited to 
iPSCs or cells derived from patient-specific iPSCs, embryonic stem cells (hESCs) or cells derived from 


hESC, mesenchymal stem cells (hMSC) or cells derived from hMSC, MSC, fetal stem cells (e.g. 
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amniotic fluid stem cells) or cells derived from fetal stem cells, cancer stem cells, endothelial 
progenitor cells (EPC) and bipotent liver stem cells. Tissue-specific cells include but are not limited to 
(hepatic tissue) primary hepatocytes, hepatic stellate cells, liver sinusoidal endothelial cells, 
intrahepatic NK and T cells, Kupffer cells, liver metastatic cells or hepatocellular carcinoma cell and 
lines (intestinal tissue), intestinal stem cells, myofibroblasts, intestinal cancer cells, or Caco-2 cells; 
(pancreatic tissue) Islet-beta cells, endothelial cells, pancreatic stellate cells, pancreatic cancer cells, 
(kidney tissue) podocytes, tubule cells, or cancer cells; (heart tissue) cardiomyocytes, cardiac muscle 
cells, endothelial cells; (skin tissue) primary dermal fibroblast, keratinocytes, melanocytes; (muscle 
tissue) smooth muscle cells, skeletal muscle cells, myosatellite cells; (lung tissue) bronchial epithelial 
cells, macrophage, smooth muscle cells, lung cancer cells; (bone tissue) osteoblasts, 

osteoclasts, osteocytes, and osteoprogenitor; (immune system) T cells, B cells, NK cells, peripheral 
blood mononuclear cells (PBMC), dendritic cells, monocytes, engineered T cells and NK cells; 
epithelial cells, airway cells, tissue-specific fibroblasts, tissue-resident macrophages and cancer cells; 
combination of ECM and cells originating from the same tissue, chosen from, but not limited to, liver 
ECM and liver cells, pancreatic ECM and pancreatic cells, kidney ECM and kidney cells, intestinal ECM 
and intestinal cells, heart ECM and heart cells, skin ECM and skin cells, muscle ECM and muscle cells, 
lung ECM and lung cells, bone ECM and bone cells and immune system ECM and immune system 
cells; and combination of ECM and cancer cells for evaluation of cancer metastases chosen from, but 
not limited to, liver ECM and cancer cells (pancreatic, colon, breast, cancer cells) , lung ECM and 
cancer cells (liver, colon), brain ECM and cancer cells, lymph node ECM and cancer cells, bones ECM 
and cancer cells. Also, any other combination of ECM and cells that are disclosed in this specification 


are included in the scope of the invention. 


The bioink component(s) is/are typically formulated from synthetically and naturally derived 
biopolymers, macromolecules, and proteins from plants, microbial, animals, and/or human sources. 
Biopolymers include but not limited to polysaccharides (cellulose (of different fibrillar structures)), 
ECM proteins derived from animal/human tissues (glycoaminoglycans, collagens, elastins, 
proteoglycans, laminins, aggrecans). The bioink formulations constitute of other components to 
enhance printability, viscosity, crosslinking capability, degradation, and cellular metabolism/activity. 
More specifically, the bioink can be based on either a synthetic and/or natural biopolymer and can be 
used on its own. Alternatively, the ECM proteins and small molecule can be incorporated within the 
bioink that stimulate the cell aggregation. The biopolymer can be a polysaccharide derived from 
botanical sources such as acacia gum, tara gum, glucomannan, pectin, locust bean gum, guar gum, 


carrageenan, and tragacanth. The bioink can have microbial or fungal-produced polysaccharide 
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thickeners known as biogums (such as xanthan gum, gellan gum, diutan gum, welan gum, and pullalun 
gum). The bioink can also have additions of isolated laminins, and/or purified molecular proteins. Each 
component of the bioink is essential for printability, crosslinking, cellular attachment and cellular 
proliferation. With the balanced bioink niche, the cells will not only aggregate but also maintain their 
respective cellular functionality. The bioink will support the cells through the bioprinting procedure in 
reducing shear stress experienced by the cells, in addition to providing spatial distribution for efficient 
nutrient/waste exchange. Also, the bioinks are optimized to have great printability, viscosity, and 
crosslinking capability. These bioinks will allow the user to generate complex 3D spheroid structures 
using many types of 3D bioprinting technologies in which the user can innovate. The bioink will support 
the cells through the bioprinting procedure in reducing shear stress experienced by the cells, in 


addition to providing spatial distribution for efficient nutrient and/or waste exchange. 


The bioinks are formulated from synthetically and naturally derived biopolymers, macromolecules, 
proteins, and small molecules from plants, microbial, animals, and/or human sources. Biopolymers 
include but are not limited to polysaccharides, extracellular matrix proteins derived from 
animal/human tissues, such as glycoaminoglycans, collagens, elastins, proteoglycans, laminins, 
aggrecans. The polysaccharides are preferably comprised of cellulose, and may have different fibrillar 
structures. Cellulose can be generated from plants (such as annual plants), trees, fungi or bacteria, 
and are preferably generated from bacteria such as from one or more of 

the genera Aerobacter, Acetobacter, Acromobacter, Agrobacterium, Alacaligenes, 

Azotobacter, Pseudomonas, Rhizobium, and/or Sarcina, specifically Gluconacetobacter xylinus, 
Acetobacter xylinum, Lactobacillus mali, Agrobacterium tumefaciens, Rhizobium leguminosarum 
bv.trifolii, Sarcina ventriculi, enterobacteriaceae Salmonella spp., Escherichia coli, Klebsiella pneu- 
moniae and several species of cyanobacteria. Cellulose can be generated from any vascular plant 


species, which include those within the groups Tracheophyta and Tracheobionta. 


According to one embodiment, the cellulose used is cellulose nanofibrils. The advantage of using 
cellulose nanofibril hydrogels is the extreme shear thinning properties which is crucial for high 
printing fidelity. Cellulose nanofibrils formed from cellulose producing bacteria most closely mimic 
the characteristics of collagen found in human and animal soft tissue. The array of fibrils provides a 
porous yet durable and flexible material. The nanofibrils allow nutrients, oxygen, proteins, growth 
factors and proteoglycans to pass through the space between the fibrils, allowing the scaffold to 
integrate with the implant and surrounding tissue. The nanofibrils also provide the elasticity and 
strength needed to replace natural collagen. The bacterial cellulose materials have been, after 
purification, homogenized and hydrolyzed to smooth dispersion. WO2016/100856 is hereby 


incorporated as a reference for the cellulose-based bioink material. 
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Wood-derived cellulose nanofibrils can be selected as an alternative raw material for the preparation 
of cellulose nanofibrillated bioink. The difference is that they do not form three dimensional 
networks and their width is lower (10-20 nanometers) and length is lower (1-20 micrometers). The 
disadvantage of the wood derived cellulose nanofibrils can be the presence of other wood 
biopolymers such as hemicelluloses, which can affect cells and cause foreign body reaction. These 
dispersions should preferably therefore be purified by an extraction process and removal of the 
water phase. It is a sensitive process since it can lead to agglomeration of fibrils, which can result in 
bioink, which tends to clog the 3D bioprinter printing nozzle. Preferably, such a dispersion should 


also be homogenized and subject to ultrafiltration to prepare a bioink. 


The bioink formulations in the kit according to the present invention may comprise other 
components to enhance printability, viscosity, crosslinking capability, degradation, and cellular 
metabolism/activity. For instance at least one additional biopolymer may be added to the bioink, 
wherein the biopolymer gelling agent or hydrocolloid is chosen from the group comprising alginates, 
hyaluronic acid and its derivatives, agarose and its derivatives, chitosan, fibrin, gellan gum, crystalline 
nanocellulose, carrageenans, collagen and its derivatives as well as gelatin and its derivatives. These 
additional biopolymers are added to the bioink for cross-linking purposes and/or to contribute to 
rheological properties as hydrocolloids or thickening agents. Addition of crosslinker or binding 
biopolymers such as alginate can be used to improve printability but also provide mechanical stability 


after crosslinking. 


The bioinks provided will have unique capacities to support the metabolism and functionality of the 


cell types of interest. 


The ECM material (derived from animal, human - of different conditions (age, disease, extraction 
methods) and other macromolecules (exosomes, proteins, ligands, factors isolated/extracted from 
different animal/human tissues)) will support cell lines, stem cells (ESCs or iPSCs), and primary cells of 


both animal and human sources. 


Suitable samples for the ECM material include liver, kidney, muscle, bone, adipose, cartilage, lung, 
bladder, cornea, skin, intestine, pancreas, prostate, breast, spleen, placenta and heart samples. In 
some embodiments, the tissue sample may include combination of different tissues, such as an animal 
tail. Preferably, the ECM material is obtained from decellularized tissue. The tissue sample for the ECM 
material may be mammalian tissue, for example pig, sheep, rodent, non-human primate or human 


tissue. Preferably, the tissue sample is human tissue. 


The small molecule can be any small molecule having the capacity, alone or in combination with an 


ECM material, to promote cell aggregation. For example, the small molecule can be an antagonist or 
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an agonist of several pathways affecting the cell-cell interactions, e.g. aggregation or dissociation. 
E.g., the small molecule can be a compound that stimulates aggregation, such as an E-cadherin, P- 
cadherin or a-catenin up-regulator as well as a Cox-2 inhibitor which down regulates E-cadherin 
transcriptional repressors. It can in addition, have an effect on the proliferation such as a Rho Kinase 
(ROCK) inhibitor. More specifically, the small molecule can be chosen from the E-cadherin up- 
regulator 205615 (5-(Furan-2-yl)-N-(pyridine-4-yl)butyl)isoxazole-3-carboxamide), or from other 
small molecules which results in similar phenotype such as other E-cadherin, P-cadherin or alfa- 
catenin up-regulators, Cox-2 inhibitors, Rho Kinase inhibitors or molecules that affect the cell 
attachment or epithelial-mesenchymal transition such as Y-27632, celecoxib, piperonylic acid, ML327 


and CHIR99021. The small molecule can be dissolved in DMSO, water, ethanol or other solvent. 


The method step of 3D bioprinting comprises combining the mixture of components. The bioprinter 
apparatus can be of any commercially available type, such as the 3D Bioprinter INKREDIBLE or BIO X 
from CELLINK AB. Typically, the method for preparing bioprinted tissues is performed under 
physiological conditions, which could vary depending on the tissue and/or the cells that are printed. 
More specifically, the conditions and parameters during bioprinting typically varies within the 


following intervals: 


Temperature: 4°C to 40°C. 


Printing pressure: 1-200 kPa. 


Also, a crosslinking reagent may be used during or after the bioprinting process (preferably 50 mM 
CaCl: solution). It is preferable to perform the crosslinking step quickly and in such way that 
reproducible and accurate results are obtained. E.g. the duration of the crosslinking step may be less 
than 30 minutes, less than 15 minutes, less than 10 minutes, less than 5 minutes or less than 1 
minute. Also, it is important to use a crosslinking approach that will not affect the viability of any 
bioprinted tissue in a negative way. Therefore, it is for example preferable to perform the 
crosslinking in one step, and to exclude the use of a UV curing step, especially when viable cells are 
included in the bioprinting process. The use of near UV light of about 405 nm is a preferred choice of 


photocrosslinking compared to UV light of e.g. about 365 nm. 


A spheroid model formed by the method disclosed herein can be used in various applications. For 
example, it can be used in a model for drug screening, dose response assays, developmental biology 


applications, pharmaceutical applications, stem cell research, tissue engineering development 
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applications or tumor pathology applications and other applications. More specifically, one possible 
use of the kit can be for developing a model for drug screening. For one instance, the user can utilize 
the kit to form a spheroid out of two different cell types where one can be an abnormal cell and one 
can be a healthy cell, e.g. cancer cells and primary cells. The two cell types can be labelled with different 
fluorophore markers and then combined into one cell suspension. Using the kit, the spheroids 
generated, with the combination of the two cell types, can be used for a high throughput drug 
screening. The cells can be monitored under fluorescence to see which drugs that kill the cancer cells 
but not the healthy cells. This application can be used for all types of drugs and/or pharmaceutical 


substances, for which it is of interest to study toxicity and specificity for cancer cells. 


EXAMPLES 
Example 1 


In Figure 1A the kit was customized where only the small molecule 5-(Furan-2-yl)-N-(pyridine-4- 
yl)butyl)isoxazole-3-carboxamide dissolved in DMSO was used in cell culture medium at working 
concentration of 100 uM to aid the spheroid formation of 1200 cells of the lung cancer cell line H-2030 
in 384-ULA well plates dispensed by I-DOT One from CELLINK. This led to a spheroid formation after 
three days with a size of 200 um in diameter. Without this small molecule, no spheroids were formed 


in the vehicle control as seen in Figure 1B. 


Example 2 


In Figure 2A the kit was customized where only the ECM material derived from lung was used to aid 
the spheroid formation of the lung cancer cell line H-2030 in 384-ULA well plates. The ECM material 
was mixed with a cell suspension and dispensed in the ULA plates with 1200 cells/well by the I-DOT 
One from CELLINK. This led to a spheroid formation after three days with a size of 200 um in diameter. 
In Figure 2B the kit was customized with the use of the combination of the small molecule 5-(Furan-2- 
yl)-N-(pyridine-4-yl) butyl)isoxazole-3-carboxamide dissolved in DMSO at 100 uM working 
concentrations and the ECM material derived from lung and cultured in the same conditions as 


described for Figure 2A and the same results can be observed. 


Example 3 
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An example of use of the kit is the combination of CELLINK GelMA bioink with the small molecule 5- 
(Furan-2-yl)-N-(pyridine-4-yl)butyl)isoxazole-3-carboxamide. The components of the kit were mixed in 
an optimized ratio together with the lung cancer cell line H-2030 and 3D bioprinted in a 96-well plate 
using the BIO X from CELLINK. The ratios used were 9 parts of GelMA bioink with 1 part of cell 
suspension with 5 million H-2030 cells and 0.1 parts of the small molecule at 10 mM stock 
concentration. The mixture was transferred to a cartridge and 20 ul droplets were printed through a 
20G nozzle. The constructs were photocrosslinked for 15 seconds with 405 nm UV module and RPMI 
medium with 10% FBS and 1% antibiotics was added. From a homogeneous distribution of cells at Day 
7 (Figure 3A), spheroids formed after 27 days in culture (Figure 3B) which could be seen under a 


microscope. 


Example 4 


A further example of use of the kit is the combination of CELLINK GelMA bioink mixed with ECM 
material derived from placenta together with the small molecule 5-(Furan-2-yl)-N-(pyridine-4- 
yl)butyl)isoxazole-3-carboxamide. The components of the kit were mixed in an optimized ratio 
together with the lung cancer cell line H-2030 and 3D bioprinted in a 96-well plate using the BIO X from 
CELLINK. The ratios used were 8 parts of GelMA bioink with 1 part ECM material and 1 part of cell 
suspension with 5 million H-2030 cells and 0.1 parts of the small molecule to a final 100 uM working 
concentration. The mixture was transferred to a cartridge and 20 ul droplets were printed through a 
20G nozzle. The constructs were photocrosslinked for 15 seconds with 405 nm UV module and RPMI 
medium with 10% FBS and 1% antibiotics was added. From a homogeneous distribution of cells at Day 
2 (Figure 4A), spheroids formed after 20 days in culture (Figure 4B) which could be seen under a 


microscope. 
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CLAIMS: 


1. Method of producing and customizing a spheroid model in an automated high throughput 


manner, comprising the steps of: 


a. 


b. 


providing cells of at least one cell line; 
providing the following components in combination 
i. a small molecule with capacity to promote cell aggregation; 
ii. an extracellular (ECM) material with capacity to promote cell aggregation; 
and 

iii. a bioink; 
mixing the components of step (a) and (b) and possibly other components in such 
relative amounts that allow a mixture optimised for generation of spheroids of the at 
least one cell line to be formed; 
bioprinting and/or dispensing the resulting mixture in an automated and 


reproducible manner, thereby allowing cells to aggregate and form spheroids. 


2. Method according to claim 1, wherein the components of step (a)-(c) are added in the 


following relative amounts (vol/vol): 


a. 


b. 


cells of at least one cell line, cells in suspension making up 1-30%; 

a small molecule used at concentrations of 100 nM- 100 mM, in solution making up 
0.01-5%; 

an ECM material in solution or composition from 10-80%; 

a bioink composition from 1-80%; and 


optionally other components, 


wherein the components a-e together add up to 100 %. 


3. Method according to claim 1 or 2, wherein the at least one cell line is chosen from an 


abnormal cell type, such as a cancer cells from different organs and sources (human or 


animal, primary or stem cells), or a healthy cell type, such as a cell lines or stem cell-derived. 


4. Method according to any one of claims 1-3, wherein the small molecule is chosen from an 


up-regulator of E-cadhering, P-cadherin or alfa-catenin, a Cox-2 or Rho Kinase inhibitor, or a 


molecule affecting the cell attachment or epithelial-mesenchymal transition. 


15 


5. Method according to claim 4, wherein the small molecule is chosen from the E-cadherin up- 
regulator 5-(Furan-2-yl)-N-(pyridine-4-yl)butyl)isoxazole-3-carboxamide, the ROCK Inhibitor 
Y-27632, the COX-2 inhibitor celecoxib, piperonylic acid (the activator of epidermal growth 
factor receptor), ML327 (the de-repressor of E-cadherin), and the up-regulator of B-Catenin 


CHIR99021. 


6. Method according to any one of claims 1-5, wherein the ECM material has at least one of the 
following characteristics: 
a. decellularized ECM; 
b. human and/or animal derived ECM; 


c. others, for example recombinant proteins; 


7. Method according to any one of claims 1-6, wherein the bioink comprises: 
a. plant based material 0-60 %; 
b. animal and/or human derived material 0-50 %; 
c. synthetic and/or natural thickeners 0-40 %; 
d. a photoinitiator 0-10 %; 
e. factors specific for cell aggregation 0-20 %; 


f. optionally other components, 


wherein the components together add up to 100 %. 


8. Kit for use in the method of claims 1-7, comprising: 
a. a small molecule with capacity to promote cell aggregation; 
b. an extracellular matrix (ECM) material; 
c. abioink; and 


d. optionally other components such as instructions for use. 


9. 3D bioprinted spheroid model, comprising 
a. asmall molecule; 
b. an extracellular matrix (ECM) material; 
c. abioink; and 


d. optionally other components 
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10. 3D bioprinted spheroid model, characterized by that the spheroid model is formed by the 


11. 


12. 


method of claims 1-7. 


3D bioprinted spheroid model according to claim 9 or 10, for use in a model for drug 
screening, dose response assays, developmental biology applications, pharmaceutical 
applications, stem cell research, tissue engineering development applications or tumor 


pathology applications and other applications. 


3D bioprinted spheroid model according to claim 11 for use in a model for drug screening, 
comprising the steps of: 

a. generating spheroids from at least two different cell types, such as one abnormal cell 
type, e.g. a cancer cell, and one healthy cell type, e.g. a primary cell, wherein the at 
least two cell types are labeled with different markers, such as different fluorophore 
markers; 

b. combining the spheroids of the at least two cell types into one cell suspension; 

c. exposing the spheroids of step (b) to one or more drugs such as paclitaxel or gefitinib 
for non-small cell lung cancer, cotellic for BRAF V600E or V600K melanoma, zejula for 
epithelial ovarian cancer, tecentriq for urothelial carcinoma, erleada for prostate 
cancer and other drugs ; 

d. monitoring the survival of cells to identify drugs that negatively affect the abnormal 


cells but not the healthy cells. 
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Figure 1. 
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Figure 3. 
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